Background: The aim of this study was to investigate the immunohistochemical characteristics of the haemal nodes located in the abdominal and thoracic cavities in roe deer (Capreolus capreolus (Folia Morphol 2018; 77, 2: 266-271) 
INTRODUCTION
Haemal nodes are commonly found in the dorsal parts of the abdominal and thoracic cavities, defined in ruminants, and are common throughout the vena cava and abdominal aorta in the sub lumbar region [9, 10] . The number, size, and histological characteristics of the haemal nodes observed throughout the blood vessels may vary within wide limits [2, 10] .
Haemal nodes are lymphoid organs that have a function similar to that of the spleen and lymph node, and function in the immunological defence of the body in blood storage and filtration [8] .
Haemal nodes develop during foetal life from lymph node primordia that lose their lymph vessels. Therefore, haemal nodes receive all their cells and antigens from the blood. Haemal nodes are thought to be responsive to blood-borne antigens. In healthy adults, many follicles may form as a result of antigenic stimulation. Sinuses are wide, with a small amount of macrophages and lymphocytes. Diffuse lymphatic tissue contains relatively fewer lymphocytes, but macrophages that digest erythrocytes and granulocytes are present in large quantities [9] .
There are various studies on morphology, histochemistry and immmunohistochemistry of haemal nodes in ruminants [5, 8, 11, 12, 19] . Morphology of haemal nodes in the roe deer (Capreolus capreolus) has been studied by Akaydın Bozkurt and Kabak [1] , but there is no study available on immmunohistochemistry of haemal nodes in the roe deer.
The objective of the study is to identify immunohistochemical (IHC) characteristics and determine the distribution of T-lymphocytes, B-lymphocytes, macrophages and follicular dendritic cells immunohistochemically, by revealing the differences between haemal nodes of foetal, adult male and adult female roe deer as well.
MATERIALS AND METHODS
The haemal nodes employed as research material in the study was belonging to 2 adult males and 2 adult females which had been injured in the Samsun region due to firearms and traffic accidents and brought to Ondokuz Mayis University, Veterinary Faculty Clinics for treatment but failed to survive. These animals examined and were not found to have any signs of infectious or parasitic disease. It was noticed that one of the female roe deer was pregnant. Haemal nodes of these 2 row deer foetuses which have developed and been in the late foetal period were also used as research material. The haemal nodes harvested from the thoracic and abdominal cavities were fixed with a 10% neutral formol for 24 h. Following the routine histological procedure, standard avidin-biotin-peroxidase technique (ABC) was applied to 4-5 μm serial tissue sections taken on adhesive glass slides. Sections were passed through xylol and alcohol solutions. Heat-mediated antigen retrieval with citrate buffer (pH: 6), was performed before proceeding with the IHC staining protocol. Endogenous peroxidase activity was blocked by quenching with 3% hydrogen peroxide for 10 min. The IHC staining protocol employed was an UltraVision™ Large Volume Detection System (Ultra V Block, Biotinylated Goat Anti-Polyvalent, Streptavidin Peroxidase; Lab Vision Corp., Thermo Fisher Scientific Inc., Fremont, CA). After application of Ultra V Block Nonspecific Blocking Reagent (10 min), primary antibody solutions were dropped on the sections and incubation was allowed (Table 1) . After application of biotinylated goat anti-polyvalent (15 min) and streptavidin peroxidase (15 min), AEC chromogen (Labvision) for CD3, anti-macrophage and anti-S100 for 10 min, DAB chromogen for CD79acy primary antibody were used so that the antigen-antibody reaction can be made visible. Mayer's haematoxylin was applied for 1 min for the background staining. Phosphate buffer saline (PBS; 0.01 M, pH 7.4) were employed in all washing processes. PBS was used instead of the primary antibodies for negative controls. Evaluation of the results was carried out by examining the sections on the Olympus BX50 model research microscope, and pictures of selected areas were taken and used in the study (Table 1) .
RESULTS
Great deal of CD3 positive T-lymphocytes were observed in lymphatic cords and interfollicular regions of haemal nodes of adults. CD3 positive T-lymphocytes were observed in the germinal centres of the lymph follicles and in lesser amounts in the mantle zones (Fig. 1A, B) . A large amount of CD3 positive T-lymphocytes were observed in the lymphoid tissue of foetal haemal node (Fig. 1C ). There were also sporadic positive cells available in the lymph follicles of very few foetal haemal nodes, where only a few primary lymphoid follicles were formed ( Fig. 1D , E). It has been observed that the sinuses of the haemal nodes of both adults and foetuses contain CD3-positive T-lymphocytes ( Fig. 1A-E ).
In the haemal nodes of female and male there were fewer CD79acy positive cells in the germinal centres of the lymph follicles and much fewer of it in the interfollicular zone and lymphatic cords ( Fig. 2A ). There were more positive cells available in the haemal node of female than in the haemal node of male. It was observed that the cells that gave strong positive reaction in the female were usually plasma cells. It was determined that there were those cells that gave positive reaction to CD79acy in the lymphoid tissue of the foetal haemal nodes (Fig. 2B) .
It was observed that MAC387 positive cells were found abundantly, in particular, in sub capsular sinus and trabecular sinus in adults. However, positive cells were also found in trabeculae and in lymphatic cords (Fig. 3A, B ). There were more MAC387 positive cells observed in the haemal nodes of male than in that of female. Only a few (rarely) positive cells in the sub capsular sinus were found while positive cells were found in the lymphoid tissues of the foetal haemal nodes (Fig. 3C, D ). There were positive cells also in the small sinuses located inside the lymphoid tissue of some foetal haemal nodes. Most of the cells showing positivity for MAC387 were granulocytes in the foetal haemal node. S100 positive cells have been observed in both lymph follicles and sinuses of haemal nodes of adults (Fig. 4A, B) . No positive reaction cells were found in the lymphatic cords while there were abundant follicular dendritic cells stained with S100 positive in the germinal centres of lymph follicles. There were cells showing positivity in the very few haemal nodes, mostly in the sinuses, although there were no cells showed positive staining for S100 in the foetal haemal nodes (Fig. 4C) .
DISCUSSION AND CONCLUSIONS
There is no study that examines the haemal nodes in the roe deer with IHC methods when the literature related to haemal nodes is browsed. It is seen in the studies with regard to haemal node, where IHC methods were employed, that monoclonal mouse for T-lymphocytes, anti-human B primary antibodies for anti-human T-and B-lymphocytes were used in the frozen sections of haemal nodes in the Korean native goat [18] ; and CD4, CD8, T19, CD45R, MHC class I and MHC class II monoclonal antibody (mAbs) were used for the characterisation and distribution of lymphocyte subgroups in the frozen sections of the haemal nodes of the sheep [16] . Guerrero et al. [11] have showed CD3 positive T-lymphocytes using polyclonal anti-CD3 primary antibody in paraffin sections of the haemal nodes in the Iberian red deer. Zidan and Pabst [19] have performed IHC study of the haemal nodes of the dromedary camel using CD3 (rabbit anti-human), CD22 (mouse anti-bovine) and MHC class II/DR (mouse anti-bovine) mAbs in the frozen sections. Attempts have been made to reveal the existence and distribution of, in particular, T-and B-lymphocytes in either frozen or in paraffin sections in the ruminant species even with different primary antibodies when all such studies are taken into consideration.
Ceccarelli et al. [4] have observed that most of the lymphoid cells in the haemal nodes and in the interfollicular cords of the sheep and cows and the cells in the germinal centres of some secondary follicles could be identified as T-lymphocytes and most of the cells in the primary follicles and in the cortex of the secondary follicles could be identified as B-lymphocytes. Yoon et al. [18] have reported that B-lymphocytes were mainly located in lymphoid follicles of the haemal node, and that they were sparsely scattered in the sub capsular sinus. In the same study, it is mentioned that T-lymphocytes were sparsely scattered in the diffuse lymphatic tissues of the haemal node. Zidan and Pabst [19] reported that CD3-positive T lymphocytes were localised mainly at the margin of lymphoid follicles and in the medullary cords and that CD22-positive B lymphocytes were predominantly found in lymphoid follicles which are the typical localisation areas of these cells. Casteleyn et al. [3] reported that T cell lymphocytes marked with CD3 in the haemal node of bovine were mostly localised at the paracortex and the interfolic zone, and that medullary cords also contained CD3-positive cells, and that there were very few CD3-positive cells observed in the mantle zone of the follicles but almost no positive cells were observed in the germinal centre. They have determined that CD21-marked B-lymphocytes were confined to the follicles and had a predominant position in the germinal centres. Guerrero et al. [11] suggested that lymphatic tissue capable of forming into a cord-like shape in the cervical haemal nodes was composed of plasma cells, macrophages, B-and T-lymphocytes and demonstrated the anti-CD3 positive lymphocytes in the paracortex. Distribution of T-lymphocytes appears to be more compatible with the findings of Casteleyn et al. [3] in the haemal node of bovine even though it bears a resemblance to that of sheep, goat, cattle, camel and deer in general when data related to the distribution of T-lymphocytes in the literature are examined. However, the existence of more T-lymphocyte in the germinal centres of the lymphoid follicles compared to the mantle zone differs from the findings of Casteleyn et al. [3] . Furthermore, the literature reveals no such evidence that T-lymphocytes were observed in the sinuses. It is one of the different findings in this study that T-lymphocytes were observed in the sinuses, haemal nodes of both foetuses and adult roe deer.
Whereas the existence of the B-lymphocytes in the haemal nodes has been reported and observed only in the lymph follicles by Zidan and Pabst [19] and Casteleyn et al. [3] , and in the sub capsular sinus in addition to the follicles by Yoon et al. [18] , this study revealed that the distribution of B-lymphocytes in the haemal nodes of roe deer was different based on the fact that B-lymphocytes in the haemal nodes of the roe deer were also observed in the interfollicular zone and medullary cords in addition to the follicles. Guerrero et al. [11] has mentioned the presence of B-lymphocytes in cord-like lymphoid tissue in deer, however, did not indicate by which method the presence of B-lymphocytes was detected in their study, and there was no photograph of B-lymphocytes in that study.
Guerrero et al. [11] reported that the lymphatic tissue capable of forming into a cord-like shape in the Iberian red deer was composed of plasma cells, macrophages, B-and T-lymphocytes, but there is no other explanation for macrophages in the study. Thorp et al. [16] reported that the macrophages containing hemosiderin reacted positively with Perl's stain, and stated that very few Perl's positive cells were found and they were located on the wall of sinuses. It was reported that lymph follicles and lymphoid cords in the haemal node of hair goat contained a lot of lymphocytes, mast cells, plasma cells, monocytes, neutrophilic granulocytes and macrophages, including eosinophilic granulocytes [12] , and that lymph follicles and lymphoid cords in the haemal node of Akkaraman sheep contain macrophages [15] . Ezeasor and Singh [8] has detected the presence of macrophages in the sub capsular sinus of the haemal nodes of 1-2-month-old goats and reported that haemal nodes of 3-4-month-old goat exhibited a similar cellular composition with that of 1-month--old goat. The literature, when examined, reveals that the presence and distribution of macrophages in the haemal nodes are not studied by IHC methods. Some of the studies mention only those macrophages present in the sinuses and some of them mention only their presence in the lymphoid tissue. It is a noteworthy difference to observe more intense positive cells in adults, especially in sub capsular sinus and trabecular sinus than in lymphatic tissue though the findings obtained in the study were basically consistent with the findings in the literature.
Windqvist [17] , who has investigated the development of haemal node in cows, reported the presence of reticular macrophages containing lipofuscin granules in the haemal nodes, in the sinuses and in the lymphatic tissue of newborn calves while not mentioning macrophages in haemal nodes in the embryonic and foetal period. The presence of MAC387 positive cells differs from the literature knowledge even though granulocytes constitute the majority in the haemal nodes of the foetal roe deer.
It was detected that IHC studies were carried out in the lymph node of rat with S100 protein [6] , RomeroPalomo et al. [13] has employed polyclonal rabbit anti-S100 primary antibody as dendritic cell marker in the lymph node of cattle. There is also a comparative study on S100 protein-immunoreactive cells in the lymph nodes of guinea pig, dog, cat, horse, pig, goat and cow [14] . There is no study available in the haemal nodes of the roe deer for follicular dendritic cells when the literature is browsed in this respect. In addition to that, there is no IHC studies carried out in the haemal nodes of healthy animals for follicular dendritic cells when the literature is browsed for other ruminants. The only study found was the study carried out on scrapie sheep [7] . For this reason, the findings obtained for S100 were not compared with those included in any literature.
It is not unusual to see that frozen sections are employed frequently in the IHC studies. The study carried out shows that a clear result can be obtained in paraffin sections as well. The obtained IHC findings indicate that the haemal nodes in the roe deer are immunologically active organs. It is clearly seen that there are as much differences as similarities in the distribution of these cells when compared with the other ruminant species. The work fulfilled has a feature of being the first study in terms of examining haemal node in the roe deer with IHC methods in such a way as to reveal the differences between the haemal nodes of foetal, adult male and adult female roe deer as well.
